Oxidative stress and energy depletion are characteristic biochemical hallmarks of Alzheimer's disease (AD), thus antioxidants with positive effects on glucose metabolism such as thioctic (a-lipoic) acid should exert positive effects in these patients. Therefore, 600 mg a-lipoic acid was given daily to nine patients with AD and related dementias (receiving a standard treatment with acetylcholinesterase inhibitors) in an open study over an observation period of, on avarage, 337 980 days. The treatment led to a stabilization of cognitive functions in the study group, demonstrated by constant scores in two neuropsychological tests (mini-mental state examination: MMSE and AD assessment scale, cognitive subscale: ADAScog). Despite the fact that this study was small and not randomized, this is the first indication that treatment with a-lipoic acid might be a successful 'neuroprotective' therapy option for AD and related dementias.
Introduction
Alzheimer-type dementia (AD) is the most common cause of dementia among people aged 65 years and older. It represents a major health problem particularly in the developed countries, because of its enormous impact on individuals, families, the health care system, and society as a whole. It is estimated that up to 4 million people currently suffer from the disease in the USA, and that the prevalence doubles every 5 years beyond the age of 65 (NIH, 1999) . In order to address the problem of dementia, an out-patient memory clinic was founded in 1995 as a cooperation of the hospital's neurological and the geriatric department (Hager et al., 1998) . Diagnosis, especially in the early stages, and treatment of dementia are the main activities, but also several caregiver and patient training groups have been initiated.
In 1997, a 74 year old patient presented herself with signs of cognitive impairment. Diabetes mellitus and a mild form of polyneuropathy were its main concomittant diseases. With clinical criteria of DSM-III-R (APA, 1987) deficits in the neuropsychological tests, a NMR without signs of ischemia and a typical SPECT with a decreased perfusion bi-temporal and bi-parietal, as well as the exclusion of other underlying diseases, the diagnosis of an AD in an early stage was established and a treatment with acetylcholinesterase inhibitors was initiated. Due to the polyneuropathy, the patient received 600 mg a-lipoic acid per day. Since then, several re-tests have been performed, which showed no substantial decline of the cognitive functions. Therefore, the diagnosis of mild AD was reevaluated several times, but the diagnostic features did not change and the neuropsychological tests kept on showing no further cognitive impairment. A large epidemiological investigation suggested a positive correlation of type 2 diabetes mellitus with late onset AD (Ott et al., 1999) . There are, however, opposite results from other studies (Curb et al., 1999; Tariot et al., 1999) .
Taking into account that a-lipoic acid might attenuate free radical damage as well as reduce inflammatory activities and hence might have a positive effect on neuronal damage and might thus explain the lack of progression, it was decided to test a-lipoic acid in an open clinical study with a small group of patients who were currently being treated by our department. Our aim was to confirm or discard the possibility of an influence of a-lipoic acid on the progression of neurodegenerative forms of dementia.
Patients and methods
The study was designed as an open, non-randomized investigation (Table 1) . Subjects with probable AD underwent an evaluation using clinical interview, mental status assessment, physical and neurological examinations. All participants met the criteria of DSM-III-R (APA, 1987) for probable AD. Subjects were required to be aged 45 years or older. Patients with early onset and a history suggesting a familial form of AD were excluded. Informed consent was obtained from each subject, the caregiver or the legal guardian. The study was approved by the institutional review board. Patients received the standard treatment of either donepezil or rivastigmin at least 3 months prior to starting with thioctic acid treatment, which was given once daily in a dose of 600 mg, administered in the morning, 1 h before breakfast.
For assessing cognitive performance, the mini-mental state examination (MMSE) (Folstein et al., 1975) , and the cognitive subscale of the AD assessment scale (ADAScog) (Rosen et al., 1984) were applied. During the last 12 months, nine patients were included in the study (Table 2 ). According to the findings with the treatment of the acetylcholinesterase inhibitors, only patients with mild to moderate dementia (MMSE 17 points or higher) were accepted in this study.
Results
The nine patients included in our study were tested by means of MMSE and ADAScog several times prior to and after the start of the treatment with a-lipoic acid (Table 3) . When the patients first came to the memory department, their cognitive impairment was mild to moderate. Before starting treatment with a-lipoic acid, despite cognitive training, as well as treatment with acetylcholinesterase inhibitors, the test results showed a constant decline. With a decrease of two points in the MMSE per year and an increase of four points in the ADAScog, this decline was relatively small compared to data from the literature (Stern et al., 1994a,b) . After initiating treatment with a-lipoic acid, the test results remained constant over the period of nearly 1 year of monitoring (Table 3 ; Fig. 1 ). 
Discussion
Part of the pathophysiological process in the Alzheimer-type of dementia is due to chronic inflammatory reactions (McGeer and McGeer, 1999) . One of the factors triggering inflammation are advanced glycation endproducts (AGEs), which can be found in senile plaques (Mü nch et al., 1997) . A role of oxidative damage in amyloid beta protein precursor-mediated cell death in cell cultures has also been suggested (Sopher et al., 1996) . Microglia and astroglia try in vain to degrade senile plaques, thereby generating free radicals as well as proinflammatory cytokines like interleukin 1 and 6, but also tumor-necrosis factor alpha (TNF-a). Thereby adjacent nervous tissue is damaged (Neumann et al., 1999) . In addition to these inflammatory processes other factors, like an age-and stress-dependent energy deficit, contribute to the diminished ability of the neurons to cope with free radicals as well as to repair damaged structures (Blum-Degen et al., 1995; Hoyer, 1991) . The subsequent decline in central cholinergic neurotransmission has lead to the development of the first generation of drugs against AD, the acetylcholinesterase inhibitors. But these drugs only offer a symptomatic approach and are of limited effect in long term administration. Other drugs have been reported to at least delay the progression of AD, like indomethacin (McGeer and McGeer, 1999; Rogers et al., 1993) , selegilin and vitamin E (Sano et al., 1997) , suggesting that anti-inflammatory and antioxidant agents can be beneficial in the treatment of AD patients.
Since expression of many of the relevant proinflammatory cytokines is regulated by redox-sensitive signal transduction pathways, membrane permeable antioxidants can act as both anti-inflammatory and antioxidant agents. Among those drugs, a-lipoic acid, which has also been reported to have a beneficial effect on impaired glucose metabolism and is, therefore, licenced for the treatment of diabetic neuropathy, was chosen for an open pilot trial with AD patients.
a-Lipoic acid is an essential cofactor in the multienzyme complexes of a-ketoacid-dehydrogenases such as pyruvate-, a-keto-glutarate-and branched chain aketo-acid-dehydrogenases (Schmidt et al., 1965) . a-Lipoic acid is a strong antioxidant (Packer et al., 1995) and interacts with reactive oxygen species (ROS), such as superoxide radicals, hydroxyl radicals, hypochloric acid, peroxyl radicals, and singlet oxygen (Biewanga et al., 1997) . It also protects membranes by interacting with vitamin C and glutathione, which may in turn recycle vitamin E (Packer, 1992) .
a-Lipoic acid may act in various ways (Table 4) . Advanced glycation endproducts (AGE)-dependent signal transduction uses free radicals as intracellular 'second messengers'. a-Lipoic acid is an antioxidant, which penetrates cell membrane and can act intracellularly (Bierhaus et al., 1997) . Neuroprotective properties of the substance, e.g., a decrease of the effect of neurotoxins, have been demonstrated in cell culture systems Packer et al., 1997) . a-Lipoic acid increases glucose metabolism, e.g. by enhancing glucose transport and activity of the pyruvate dehydrogenase. This results in an increase of the intracellular energy production (Estrada et al., 1996) , which in turn, has positive effects on neurotrans-mitter synthesis. Antioxidant and antiinflammatory effects have also been postulated. The positive effects of a-lipoic acid on glucose metabolism and energy balance may also play an important role in the functioning of the neurons. Therefore, the importance of a-lipoic acid in the treatment of dementia was proposed as early as 1998 Mü nch et al., 1998) .
Up to now, only few data concerning the use of a-lipoic acid in the treatment of dementia have been published. In HIV-associated dementia, the mechanism of which widely differs from that in AD, no effect has been found (Dana Consortium, 1998 ). a-Lipoic acid decreased neurotoxicity of L-homocysteinic acid in embryonic rat nerve cell cultures (Lockhart et al., 2000) .
The data in this study show that the deterioration of cognitive functions came to a halt for an average of at least 337 days (Table 3Fig . 1)). Without a drug effect, the decline of the MMSE should have been two points within 1 year and the increase of the ADAScog should have amounted to about six-nine points per year (Stern et al., 1994a,b) . Explanations other than the treatment effect of a-lipoic acis are less probable. The patients had attended the memory department at least since the start of the acetylcholinesterase inhibitors, so that changes of the psycosocial situation of the patients and their caregivers were improbable. The inhibitors of acetylcholineesterase had been in use for an average of 238 days. The cognitive improvement, i.e., of Donepezil, returns to baseline after an average of 38 weeks (Rogers and Friedhoff, 1998) , so that a treatment effect of these drugs also seems less likely. No persons with diabetes mellitus were part of the study population.
Although this open clinical study has to be substantiated with a double blind trial including a larger number of subjects and additional criteria, the results of our pilot trial are a first hint that a-lipoic acid might have positive effects on the course of Alzheimer-type dementia, at least when given as adjuvans to the standard medication consisting of acetylcholinesterase inhibitors. Further advantages of thioctic acid are its minimal side effects, its relatively low price and its availability through various manufacturers.
There is a clear and widely recognised need to investigate the effects of antioxidants on AD in randomised, placebo-controlled, double-blind trials (Flynn and Ranno, 1999) . Taking into account the present lack of such studies, clinical observations as the one presented here, not yet confirmed by a randomised study design, may nevertheless warrant publication.
